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SUMMARY AND CONCLUSIONS 


Numerous investigators and fruit growers have obtained profitable 
results by spraying orchard trees at harvesttime in order to control 
fruit drop—a control measure first used commercially in 1940. This 
practice now promises to bring considerable savings to many fruit © 
growers and the Nation; it is therefore important that the experience 
of those who have studied and practiced the use of harvest sprays 
should be generally known, both by growers and by horticultural 
investigators. The results of various investigations seem at present — 
to warrant the following conclusions: 

Properly used harvest sprays are very successful with many vari- 
eties of apples. a-Naphthaleneacetic acid, «-naphthaleneacetamide, 
and the sodium salt of e-naphthaleneacetic acid are equally effective in 
retarding fruit drop. : 

Half-strength sprays (5 p. p. m.) are adequate for most summer va- 
rieties of apples, and when apphed under favorable conditions have 
given effective control of dropping with many fall varieties. Full- 
strength sprays (10 p. p.m.) have proved desirable and may be neces- 
sary for fall varieties under many conditions, but generally the small 
added benefit would not seem to be sufficient to justify the increased 
expense. 

Time of application is the most important single factor in the suc- 
cess of harvest sprays, but thorough coverage to reach the fruit stems 
is also essential. Generally 1 to 3 days are required for these sprays 
to become effective. Intensity of effect usually reaches a peak in 5 
or 6 days and may remain at a high level for 10 days to 3 weeks, vary- 
ing with such factors as variety, tree condition, and temperature; 
after this period the effect is rather quickly dissipated. Consequently, - 
as a general rule, the sprays are most effective when applied at the © 
very beginning of the harvest drop. If these sprays are applied too ~ 
far in advance of drop or are delayed until drop is well under way, 
little or no effect may be realized. a 

If harvest sprays are properly timed and thoroughly applied a 
single application will usually give all the protection it is possible to — 
achieve. A second application 4 to 6 days later, hosvever, is recom- — 
mended for some varieties and under conditions where exact timing is © 
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difficult or problematical. By making two applications (the first a few 
_ days ahead of the expected drop), the chances of hitting the fruit at 
the most receptive period are of course greatly increased. 

The addition of small quantities of summer oil (1 pint to 1 quart 
per 100 gallons) has generally resulted in slightly increased effective- 
_ness of harvest sprays. 

Harvest sprays are more effective when applied at relatively high 
temperatures (80° to 85° F.) than when applied under cooler condi- 
tions (55° to 60°). A somewhat higher spray concentration might 
be used on some varieties on days or parts of days when the tempera- 

ture is relatively low. 

No direct effect of harvest sprays on fruit maturity has been re- 
ported. Fruit receiving harvest sprays, however, should not be al- 
lowed to remain on the tree too long after the normal harvest period, 
since it may become overmature. 

Promising results with harvest-spray substances applied in dust 
form to McIntosh apples have been obtained. The chief advantage 
of dusting would seem to be the rapidity and uniformity with which 
applications could be made. 

Results with harvest sprays on pears, particularly the Bartlett 
and Bose varieties, have been generally satisfactory. The time of 
application, spray concentration, and duration of effect are essen- 
tially the same as for most varieties of apples. 
| Harvest drop of stone fruits is not generally a serious problem. 

With apricots the use of harvest sprays has reduced the subsequent 
fruit drop, whereas with peaches no appreciable effect has been 
obtained. 


=~ 


HARVEST DROP A SERIOUS PROBLEM 


Losses as a result of preharvest and harvest drop have long been a 
serious problem of apple and pear growers. As the fruits approach 
picking maturity they tend to loosen from the spur and considerable 
quantities may drop prior to and during the picking operation. Such 
fruit is badly bruised and if salvaged at all has a low value compared 
with that picked from the tree. This tendency for fruits of many 
varieties to loosen and drop as they approach proper picking maturity 
has led growers to advance the picking dates in some instances, with 
reduced color, reduced size, and poorer storage quality as possible 
results. 

Such fruits as Bartlett pears and summer and fall varieties of ap- 
ples generally are increasing in size and weight at the time they are 
harvested. Therefore, early or immature harvesting of the crop may 
appreciably reduce total tonnage. 

In 1939 it was shown by Gardner, Marth, and Batjer (7)! that a 
group of chemical compounds, generally referred to as growth-regu- 
lating substances or hormones, when used as sprays in dilute concen- 
trations, would inhibit abscission and thus effectively retard the pre- 
harvest drop of apples. After this discovery, proprietary prepara- 
tions containing the effective substances were made available to fruit 
growers. In 1940, the first year of commercial use of harvest sprays, 


1 Italic numbers in parentheses refer to Literature Cited, p. 15. 
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approximately 30,000 to 35,000 acres of apples were sprayed; in 1941, © 
approximately 50,000 to 55,000 acres of apples were sprayed; and in — 
1942, 75,000 to 80,000 acres of apples and pears received harvest-spray — 
applications.? . 

With the rapid expansion in the use of harvest sprays for retarding 
fruit drop, there have been variations in results under various condi- — 
tions; it seems desirable to bring together in this publication both 
experimental and observational information that might aid in the 
more effective use of these sprays. 


EFFECTIVENESS OF VARIOUS CHEMICALS ON APPLES# 


Of a number of compounds tested on apples at Beltsville, Md., in” 
1939, «-naphthaleneacetic acid, a-naphthaleneacetamide, and the metal- — 
he salts of a-naphthaleneacetic acid were outstanding in effectiveness | 
(7). Somewhat less effective were the methyl and ethyl esters of 
a-naphthaleneacetic acid. The indole compounds (indolebutyric, 
indoleacetic, and indolepropionic acids) were found to retard fruit — 
drop somewhat, but they were regarded as definitely inferior to the 
a-naphthaleneacetic acid group. Additional chemicals were tested in 
1940 (2), and tetralin—6—acetamide was found to be effective when — 
used at relatively high concentrations. Other compounds closely 
related to w-naphthaleneacetic acid, namely, 8-naphthoxyacetic acid, 
a-naphthalene acetonitrile, «naphthalene methyl thiocyanate, and _ 
a-naphthalene methyl isothiocyanate, proved totally ineffective when — 
tested on the Williams variety of apple. 

In the first experiments conducted at Beltsville, where direct com- — 
parisons were made between a-naphthaleneacetic acid and a-naphtha-— 
leneacetamide, it was found that these materials were so close in their 
degree of effectiveness that it was difficult to determine that any real ~ 
difference existed. Subsequent comparisons at Beltsville (2) and else- — 
where have substantiated this conclusion. Hoffman (72, 73) has 
made comparative tests on several varieties of apples with both com- — 
pounds as well as with the sodium salt of «-naphthaleneacetic acid. 
His results showed no essential difference between the three materials. 
Greve, Kadow, and Guy (8) likewise found no significant difference in — 
the effectiveness of these three chemicals under Delaware conditions, 
Enzie and Schneider (6), working with the Stayman Winesap variety — 
in New Mexico, seemed to find «-naphthaleneacetic acid shghtly more 
effective than the acetamide, while Murneek (77), working with the 
same variety, obtained somewhat better results with o«-naphthalene- 
acetamide. 

In experiments with harvest sprays trees receiving the same treat- 
ment commonly vary greatly in fruit drop. Even with relatively large 
numbers of trees per treatment it is necessary to obtain differences of © 
considerable magnitude before it can be concluded with any degree of — 
certainty that real differences exist between treatments. Until a more — 
accurate measure of results than counting fruits dropped is evolved it — 
seems reasonable to assume that a-naphthaleneacetic acid, «-naptha- 
leneacetamide, and the sodium salt of o«-naphthaleneacetic acid are © 
about equally effective in retarding fruit drop. : 


2 Acreage estimates for the various years are based on the sales of harvest-spray materials 
by the various manufacturing companies. 
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SOURCE OF SPRAY MATERIALS 


Tn all the experimental work carried on at Beltsville the pure chem1- 
-eals were dissolved in small quantities of ethyl or methyl alcohol and 
added directly to the water in the spray tank. a-Naphthaleneacetic 
acid, the sodium salt of a-naphthaleneacetic acid, or o-naphthalene- 
acetamide, as supplied by several reliable chemical companies, can be 
used as indicated. Since, however, these chemicals are not readily 
soluble in water and it is not practicable for growers to measure 
accurately the small amounts necessary, several proprietary commer- 
cial preparations * have been placed on the market in convenient form 
for use by orchardists. These preparations consist of weighed 
amounts of active chemicals mixed with powdered fillers or lquid 
solvents designed to facilitate quick solution and uniform mixing 
when they are added to the spray liquid. 


FACTORS INFLUENCING EFFECTIVENESS ON APPLES 
CONCENTRATION 


So far as known at the present time the directions for use accom- 
-panying all the proprietary commercial preparations are calculated to 
give a spray solution of 10 parts per million (p. p.m.) or 0.001 percent 
concentration of active ingredient. | 

Since effective concentration is related to variety, stage of maturity, 
temperature, and other factors, no inflexible recommendation can be 
made. Some of the results pertaining to concentration are summa- 
rized in table 1. Sprays containing relatively low concentrations of 
active ingredient have proved very effective on summer varieties of 
apple, particularly Williams, Early McIntosh (table 1), and Olden- 
burg (Duchess). Extensive experimental and commercial results indi- 
cate that half-strength sprays (5 p. p. m.) on most summer varieties 
will provide effective control of dropping. With the Williams variety 
even one-fourth strength (table 1) has given satisfactory results. 


TABLE 1.—Relation of concentration of effectiveness of harvest sprays on apples 


Spray State and Spray State and 
Variety concen- Apples: literature Variety concen- apples literature 
tration PP reference tration Pp reference 
P.p.m.| Percent P.p.m.| Percent 
0 78.0 0 21.9 
, Mcin- 2.5 13.6 | tarvtana (7). Wealth 10.0 12.1 || Massachusetts 
pe 5.0 5. Nie 20. 0 Tet Ao G2): 
0 13.0 40.0 3.8 
oe 1. 25 er 0 21.9 
Myilliams. i \ 25 17 laryland (1). MelIntosh______ 2.5 13.1 |‘New York (7). 
5.0 1.8 5.0 TBS 
0 36.8 || Massachusetts p ae New York 
Wealthy______ | 5.0 30.8 ie) PO See ee San ee 
10.0 22.2 | ao 0 19.1 ] 
0 29.6 2.5 829 Haws 
iS eee 5.0 30.9 Do Do-__-.--- 5.0 8.1 ee (4). 
10.0 12.1 | | 10.0 6.1 


3 Although it is impracticable to provide a complete list of dealers, the following partial 
list of companies now oifering such products is furnished for information only, with the 
understanding that no discrimination is intended and no guarantee of reliability is implied : 
California Spray Chemical Corporation, Richmond, Calif.; Dow Chemical Co., Midland, 
Mich. ; Grasselli Chemicals Department, H. I. du Pont de Nemours & Co., Wilmington, Del. ; 
General Chemical Co., New York, N. Y.; Niagara Sprayer and Chemical Co., Middleport, 
N. Y.; The Sherwin-Williams Co., Bound Brook, N. J.; and Westville Laboratories, New 
Haven, Conn. 
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Taste 1.—Relation of concentration to effectiveness of harvest sprays on 
apples—Continued 


| | 
Spray State and | Spray State and 
Variety concen- Fees ae literature Variety concen- | qoppls literature 
| tration |CTOPP reference | tration | de ihe reference 
ese m Be | P.p.m.| Percent | 
1.3 | 
ee a eta || Pa a Delicious_.__- | 25) 70 |stariand (). 
Sane tr ae ae 5.0 5.0 
'L 10. 13. 0 13.0 
lf 0 15.7 | 1) Oe ee 3.0 | 10.0 ee 
| ie Massachusetts = 
Do SSS | oO. 0 14. 0 if (23). | 6. 0 8. ‘ bs 
10. 0 12.3 10.0 6.6 
i{ 0 19.3 a Ores 3S. 0 
if Fagen 5.0 6.6 Do. | | Stayman Wine: 5.0 | 161 ig Maryland (2). 
| “oO 284 Massachusetts ine | O | 30.0 
Dose sets % | 5.0 9. 5 (91). Bgee see 5.0 EGE 8 
Ll 10.0 6.5 | 10.0 6.5 
HS 20s Siete Dhar et TA? Tot Sc ae AD 
Bo... 10.0} 99 is pe ee Winesap_______ 2.5.) . 40 BS 
{20.0 7.4 | 5.0 | 3.0 
| 0 17.0 0 | 17.2 
lini Aap 1.4 | | 3.0°| 9.3 || Massachusetts 
Delicious______ 5.0 | 56 pare (2): DQ sae 6.0 | 9 4 Mi (22). 
10.0 4.4 Il 100] 22 


It may be seen in table 1 that while concentrations as low as one- 
fourth strength (2.5 p. p. m.) resulted in an appreciable reduction 
in drop of later varieties of apple, increasing the concentration 
generally gave more effective control. The results of various experi- 
menters, working with a number of varieties, substantiate the earlier 
conclusion (7) that as the concentration is increased the benefit de- 
rived from this increase becomes less. In some instances little or 
no benefit has resulted from increasing the concentration from 5 to 
10 p. p. m., while in other cases the stronger spray resulted in appre- 
ciably greater effectiveness. Southwick (2 2) found double-strength 
sprays (20 p. p. m.) somewhat more effective than full-strength (10 
p- p.m.) with McIntosh and Wealthy. Still further retardation in 
dropping of Wealthy was obtained by this investigator when a 
quadruple-strength spray (40 p. p.m.) was applied. It may be seen 
from table 1, however, that under many conditions a half- -strength 
spray (5 p. D. m.), if correctly timed and thoroughly applied, will 
often give effective control of dropping. Increasing the spray con- 
centration above 10 p. p. m. may prove desirable under some condi- 
tions, but generally the small added benefit would not seem to be suf- 
ficient to justify the expense. 


Tore or APPLICATION 


During the last 3 years of experimentation it has become increas- 
ingly evident that timing is the most important single factor in the 
success of harvest sprays. Early experiments (7) were directed 
toward finding the most effective time of application. In 1939, from. 
experiments involving a number of varieties, it was found that the 
effect of harvest sprays on most varieties usually reaches a peak in 5 
or 6 days after application and may continue very effective for 10 — 
days to 3 weeks, varying somewhat with such factors as tree condition 
and temper ature and consider ably with the variety; after this period 
the effect is rather quickly dissipated. Consequently, as a general 
rule, it is best to apply the sprays at the very beginning of drop in 
order to utilize their period of greatest effectiveness. If the spray 
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| is applied too far in advance of the harvest drop the effect will be 
| largely or entirely dissipated before drop begins. An experiment 


- performed with the McIntosh variety in 1939 (7) will serve to illus- 
- trate this point. In the course of this experiment it developed that 
' spray applications had little or no effect in retarding the main har- 
/ vest drop, which began 9 to 10 days after the spray was applied. 
| When, however, spray applications were made in this same orchard 
| at the beginning of the main drop, effective retardation in drop was 
| obtained for a period of 8 days, after which a rather abrupt decrease 
~ in effectiveness became evident. 
Because of the longer effective period and somewhat greater inten- 
| sity of effect of harvest sprays on summer and some fall varieties, 
- timing of harvest sprays is not as exacting as with such a variety as 
McIntosh. With Williams, Oldenburg (Duchess), and Early Mc- 
_ Intosh the sprays may be applied several days before dropping 1s 
| expected to start, as judged by the maturity and condition of the 
- fruit. If sprays are applied on these varieties as early as 15 days 
| prior to the expected termination of harvest, good control should be 
| obtained. 
| With most fall varieties satisfactory results should be obtained if 
sprays are applied a week or 10 days before the estimated date of ear- 
lest picking maturity. In the case of McIntosh, with a relatively 
‘short period durmg which the spray is effective, it is often found 
desirable to apply the harvest spray when sound, mature apples are 
beginning te drop. This requires close day-to-day observation on sev- 
eral typical trees scattered throughout the orchard. When fruits that 
| drop just prior to the harvest period are defective in one way or an- 
_ other, the dropping of these fruits may nct be a reliable indication 
| that the harvest drop is under way. On the other hand, if spray ap- 
plication is delayed until the dropping of sound, mature fruit has be- 
“come conspicuous, the treatment may be too late to retard the proc- 
_ esses that resuit in fruit drop. 
_ In order to ascertain if it is possible to stop fruit drop once it is 
well under way, Batjer and Marth (2) applied a spray of 5 p. p. m. 
-concentration to McIntosh trees at Beltsville after the accumulated 
fruit drop had reached 15 to 380 percent. The results of this test showed 
_élearly that the spray was not effective, since fruit drop continued 
at about the same rate as if no spray had been apphed. Southwick 
and Shaw (23) in one experiment with McIntosh reported continued 
heavy drop after applying half-strength and full-strength sprays to 
m trees that had an accumulated drop of 10 to 15 percent prior to the 
time the spray was applied. In another instance with this variety, 
these investigators (23) obtained an apparently significant effect from 
a harvest spray applied after a 20-percent drop had occurred. Ellen- 
wood and Howlett (5), however, failed to obtain any effect from a 
spray applied to Stayman Winesap once a heavy drop had begun, yet 
they reported good control when the spray application preceded the 
drop by a few days. Murphy (78), working with McIntosh in Rhode 
Island, obtained more effective results when the spray was applied 
September 9 than with a later application on September 13. Un- 
sprayed trees in this experiment had dropped 30 percent of their fruit 
by September 21. 
Thus it seems apparent from the evidence at hand that the effective- 
hess of harvest sprays becomes progressively less pronounced as fruit 
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drop and general maturity of the fruit increase. Not all fruits of a — 
given variety growing under the same conditions reach the full-ma-— 
turity stage at the same time, and under such condition late sprays 
would probably be effective in retarding drop of the least-mature © 
fruits. In view of the experimental evidence, however, it would seem 
reasonable to assume that, if the changes resulting in fruit abscission 
have advanced beyond certain limits, harvest sprays are ineffective in 
retarding the process and little or no control of dropping is obtained 
if a majority of the fruits have reached this stage. 


NuMBER OF APPLICATIONS 


Early results with harvest sprays (7) suggested the possibility that 
if additional retardation of drop is desired a second application could 
be made 4 to 7 days after the first application. In an experiment with | 
McIntosh designed to give information on this subject (2), it was 
found that a second application 3 or 7 days after the first spray ex- 
tended the effective period only 1 to 114 days beyond that resulting 
from the single application. With all treatments heavy drop set in 
12 days after the original spray was applied. 

The results of subsequent experiments along this line by various in- 
vestigators are summarized in table 2. It will be seen from these data 
that in only a few instances was there any appreciable benefit from a 
second application. The slight increase in effectiveness of the two 
applications in certain cases may have been due to a more thorough 
spray coverage. ‘The results presented in table 2 suggest that a single 
application, properly timed with the beginning of the drop, provides 
all the protection possible to achieve. Perhaps the strong tendency 
toward abscission as a result of advanced fruit maturity explains the 
failure of second sprayings to extend the protective period. In a few 
cases (table 2) where significant benefit was derived from two appli- 
cations as compared with a single spraying, it is probable that the 
first application was made somewhat ahead of the drop period. 


Taste 2.—Comparison of effectiveness of 1 and 2 applications of harvest sprays 
to apples of various varieties 


Spray im : 
; ies - 4 pples | State and literature 
Variety and picking date coucen: Spraying date dropped “a farGnee 
ee eee — ————_ — 
Jonathan: Dn Percent 
OR |S eS a ee ee 19.4 
Sept: 2% O Chae eee ae eee 8.4 
October 21_---------------- 10 sent SE Pecos GA bE aE a 4 | Ohio (4). 
OCHA SSN es ieee 8.3 | 
man Winesap: | 
el 0 eee ne eh, Set a int Rene eg eee 38. 1 
Och O ChAIG Se ee 20. 4 
October 30----------------- 10 Jot. ie et ea ee 39.5 Do. = 
Och IGS s 4th sete eae eS 22.3 
h: 
MelIntos re Deas eee Tae (phpeee oe 19.6 | 
September:4: sts 2= = 2 = 10 pes 16;YATE 285 eras eee 17.7 |}Washington (19). 
AStIDY Ah Ganesan See ae 
Ps Sra eed Ss tag eS ee , 
Septemberw0es) = 2. eas Sept. lsSepts be 2222 eee 5.3 | ew York (14). 
: { i? \ecohine et wamnmree coat 8 | 
September 11____--------__- 10 Soap ass NS SO ae 12.6 |New York (16). 
i pel ari Pale Genpact aaa 5.3 if 
Oise See el ee ea Se eee Fad 
September 25). -=-- 52-52 Sept: 157 Sept 182.452 = ee 4.7 | » 
3 10 (Sept. TE ahaha eee ne 2 2.9 
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2 —TaBrE 2—Comparison of effectiveness of 1 and 2 applications of heresy Sprays 
to apples of various varieties—Continued 


Spray ae - 
ae eae 3 : pples | State and literature 
Variety and picking date eee Spraying date dropped NMS 
~ MelIntosh—Continued. P.p.m. Percent 
Piling sear ale easter arene Rug ater SOUC ON Dir MRS Ee Nea 20. 2 
September 25... | Y yea 16; Sept. Dien Ines 2.7 ke York (12). 
Sep Gl Gwe a sai eden he 3.1 
0 [seccoe ceo cpap 43.5 
October Tae see een es oe 10 yeece ae. ASSES Cbs 2O mea ae tee tee 5.4 |¢-New York (13). 
SLC) OF erie alae erasea ute it ac RSM NAO, 9.1 
0 lsacccccgo accep cc 20.1. 
September 19.._-.--.-_=.___} 10 foot SaiSepte lamin au eenwnten 4.8 |;Massachusetts (22). 
SOD GgS eee rs ee eS cree ae 9.9 
Sopa Sy exe P A gd IOI eR paper SES ANS 15. 2 | 
September 24.._.__________ 10 oe ID S eyo tieliser He on cael cs 7.2 |;Massachusetts (23 
Sepielas tir) oe vat oe 6.9 | 
iy [eee see ts eee ae eae 19.9 
TD) Gis a oh SEN ee 5 ee LZ VSO Di sclki(a seees eee ees 6. 2 
NOK) ON sgl 2] Secisas BS se ies Ses on NS 6. 6 
Unknown date_____________ 103 RN pa ha ee trai ne a ae 3. 1 \ Do 
TIO) iP C2 YeSeat  Caia ea  NG 4.4 : 
(ee oe ee 24.8 | 
September 21_._____=______- 5 Rene O-Septelorenn eS na A 4.5 |-Rhode Island (18). 
SKE OY Peta aes Chev Bs Bases ms aa Pal a 5.6 if 
1 2 applications. 2 1 application. 


Ellenwood and Howlett (5) Hoffman (72), Southwick and Shaw 
(23), Batjer and Marth (2), and Overholser, Overley, and Allmen- 
dinger (19) have all concluded that if a single application is properly 
timed with the beginning of drop, little benefit can be derived from 
additional spraying. However, this unanimity of opinion regarding 
single versus two applications is based on the assumption that the 
spraying can and will be properly and accurately timed. In cer- 
tain years and under some conditions, even with very close observa- 
tion, it is difficult to know just the most effective time to spray such 
fall varieties as McIntosh, Stayman Winesap, and others. If the 
spray is delayed until the dropping is well under way, it may be 
too late and little or no effect will be obtained. In order to take 
advantage of the full protective period, which is only 10 to 12 days 
with some varieties, the spray must be applied just at the beginning 
of the harvest drop. From a practical standpoint such a procedure 
may be difficult to carry out. Therefore, one alternative would be 
to spray somewhat ahead of the drop. If ‘it developed later that this 
application was made too far ahead of drop and it seemed advisable 
to delay harvest beyond the protective period of this spraying, a sec- 
ond application could be made 6 to 7 days after the first. By making 
two applications rather than one, the chances of hitting the fruit at 
the most receptive period are, of course, greatly increased. As such 
a plan would actually work out under orchard conditions, it might 
not be necessary to make two applications on the entire variety or 
block. If the first spraying is timed somewhat near the harvest period 
for the variety, picking may be well under way by the time the second 
application should be made, and consequently only that part of the 
block still unpicked will need the extra spraying. 

The practice of using two applications would seem to merit con- 
sideration only with varieties having a rather extended period of 
harvest drop. Two applications would also prove advantageous on 
some of the fall varieties under conditions where proper timing of a 
single application is problematical. There would seem to be no 


ol - raf ~~ a oe, ee ote Re Fp Se eS 
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necessity for using two applications on most summer varieties. Be- — 
cause of the relatively long effective period of the sprays on such | 
varieties, timing the application is accordingly less difficult. = 

Cost would doubtless be one of the factors in determining the 
feasibility of making two harvest spray applications. As pointed 
out previously (p. 5), no inflexible recommendation can be made 
regarding spray concentration, yet it may be seen in table 2 that very 
effective control of fruit drop was obtained in all cases where two 
half-strength (5 p. p. m.) applications were used. Obviously the 
cost of spray material would be the same as for a single full-strength 
spray application. 


‘THOROUGHNESS OF COVERAGE 


Harvest sprays to prevent abscission of fruit should for best results 
be applied to the fruit stem at or near the point of abscission. When 
applied to the fruit stem and cluster base of Delicious apples (7), 
these materials were far more effective in retarding fruit drop than 
when applied to the calyx end only. The lack of transmission of 
effect to fruit only short distances away from sprayed leaves suggests 
that leaf coverage is not particularly important. It is certain that 
sprays applied to entire large limbs have no observable influence on 
the fruit of adjacent limbs. 

In applying harvest sprays, every effort should be made to do a 
thorough job, particularly in the top of the tree, since the best fruit is 
usually borne in this part of the tree. Also, when an apple falls from 
the top it is likely to knock off other fruits on the way down. A tree 
should be sprayed from both the inside and the outside. It is difficult, 
if not impossible, to cover adequately a heavily loaded tree from the 
outside only. The fact that the spray solution is dripping from the 
foliage is no proof of thorough coverage; each fruit stem must be hit. 

Adequate coverage is not as difficult to obtain with long-stemmed 
varieties. such as Williams, Rome Beauty, Delicious, and Golden Deli- 
cious, as with short-stemmed varieties. With the long-stemmed varie- 
ties it is relatively easy to reach the stems with the spray solution, and 
the fruit hangs in such a manner that during the process of spraying 
the stem cavity often becomes filled with the spray; this insures ideal 
coverage. McIntosh and York Imperial are examples of short-stem- 
med varieties with the fruit usually clustered in such a way as to make 
it difficult to reach the stem with the spray. Only a very thorough 
and systematic job of spraying will be effective on varieties of this 
type. 

It is not possible to make any definite statement about the amount 
of spray solution required, because of differences in operators and 
equipment, as well as conditions under which the spray is applied. 
As a general rule, however, about 1 gallon of spray solution for each 
bushel of fruit is essential for satisfactory coverage. At Beltsville 
(2), 12-year-old Delicious trees received a light spray application of 5 
gallons of 5 p. p. m. concentration per tree. Another group of trees 
of the same variety received the same concentration, but a more 
thorough application, 10 gallons per tree. In general, the hight apph- 
cation proved to be just half as effective in retarding drop. These 
results serve to emphasize that the control of fruit drop can be no 
more effective than the coverage given. 
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~ Rarn AFTER APPLICATION 


| In experiments at Beltsville little or no decrease in effectiveness of 
harvest sprays has been noted in cases where heavy rains have occurred 
- several hours after spray applications. By simulating rains with 
_ heavy sprayings with water after harvest-spray applications, Over- 
~ holser, Overley, and Allmendinger (29) found that the only serious 
_ decrease in effectiveness occurred when the water spray was applied 
' soon (2 hours) after the harvest spray. ‘Trees receiving such treat- 
ment dropped 18.4 percent of the fruit as contrasted with 25.4 percent 
drop by trees not receiving a harvest spray and 7.9 percent by trees 
- receiving no water spray after the harvest spray was applied. Rate 
of fruit drop was not affected by water spray applied 8 and 24 hours 
after harvest spray. 


"TEMPERATURE 


_ The comparative ineffectiveness of some harvest-spray applications 
- on apples at Beltsville in 1940 under relatively cool weather conditions 
suggested that the temperature prevailing during the drying period 
of the spray might have been an important factor. Tests with Wil- 
' liams, Delicious, and Winesap in 1942 (/) clearly indicated that 
- a-naphthaleneacetic acid sprays applied in midday at relatively high 
temperatures (80° to 85° F'.) were more effective at certain concentra- 
tions than when applied in the early morning of the same day under 
cooler conditions (55° to 60°). With the Williams variety, on which 
hormone sprays are extremely effective, these differences were ob- 
tained only when the concentration was below 5 p. p.m. However, 
with both Delicious and Winesap, both 2.5 and 5 p. p. m. sprays 
were generally more effective when applied under conditions prevail- 
ing at the higher temperatures. Whether or not 10 p. p. m. sprays 
would have behaved similarly on the later varieties is not known. 

Overholser, Overley, and Allmendinger (79) have reported similar 
results with the Delicious variety in Washington. Applications dur- 
ing the warm part of the day were more effective in reducing drop 
than were those made under cooler conditions of early morning or late 
afternoon of the same day. These results, together with those men- 
- tioned previously, suggest an interrelationship between temperature 
and effectiveness and indicate the value of using higher concentrations 
on days or parts of days when the temperature is relatively low. Ifa 
limited amount of spraying is to be done, it would seem feasible to 
make applications during the warmer part of the day for greatest 
_ effectiveness. 

Temperature plays some part also in the time required for the 
spray to show worth-while effects after application. With high tem- 
mM peratures 24 to 48 hours may be sufficient; but with relatively low 
temperatures 3 to 4 days may elapse before the effect becomes ap- 
parent. It is believed, however, that low temperature after harvest 
spraying does not seriously affect the net results, since the rate of 
normal drop is also slowed up under cool conditions. 


CoMPATIBILITY OF Harvest Sprays Wir OTHER SPRAY MATERIALS 


___ The possibility of increasing the effectiveness of harvest sprays by 
the addition of supplementary materials has been rather widely 


12s CIRCULAR 685, U. S. DEPT. OF AGRICULTURE oe 
tested. Experiments have also been conducted to determine the — 
compatibility of harvest-spray chemicals with a number of materials © 
commonly used in regular spray schedules. In this publication only 
the more extensively tested materials will be discussed. 

Table 3 summarizes the results obtained by a number of investi- 
gators relative to the addition of summer oil to growth-regulating 
sprays. While the results presented in table 3 are inadequate as 
proof, yet there seems to be a strong suggestion in most cases that 
the addition of a small quantity of summer oil increases the effective- 
ness of the spray. The increase may be due to any one of or a com- 
bination of three factors: (1) Increasing the solubility of the growth 
chemicals; (2) aiding penetration by maintaining an oil film of the 
substance in contact with the absorbing tissues; and (3) increasing 
the amount of growth substance available for absorption by increasing 
the deposit per unit area of tissue. 


TABLE 3.—I/nfluence of summer oil on the effectiveness of harvest sprays on apples 


| | Apples dropped when spray copaned drop- 
Spray the indicated percentage of oi ped : 
Variety | concen- | from Stateen al ee 
tration: lec Bese <r aN od need See ee ae ees | lee TTS ? 
| Ke sprayed 
0 0.125 | 0.25 0.5 1 trees 


P. p.m. |Percent |Percent Percent | Percent | Percent | Percent 
11.4 | 9.4 ile 


Rome Beauty__-___- Figs Rese lds Aas epee fof pepe NaS 55.0 |. Maryland (7). 
5 1 Nesta es aes coer rateee | Serie S tO em Peele ro 21.9 = a i (15) 
10 Do ale sey | Pe ha| peaches sl (SUG CAE 20. 2 ew York (13). 
MeIntosh_---------- 10 TASS AQ OD eee eee ae gl ee ee 24.3 | Massachusetts (23). 
10 SEDT| Sona ees A Deis Sake BE sae ere 24.3 | New York (12). 
WHEALt yee fase 5 Si4 a Bestar RS Gh ea A de ere eS 28.2 Do. 
Winesap a 10 3.2 DAG =| esata aie | eee ea 15.4 | Washington (19). 
WMehcious=222-42 52.22 DO xeh Aes AiG) Sate net ce ioe Teaeeals Oe 2.5 23. 1 Do. 


The fact that oil is objectionable in any spray just prior to harvest, 
particularly for fruit growers who follow a spray program that does 
not necessitate fruit washing, may be sufficient reason for avoiding its 
use with harvest sprays, despite the apparent increase in effectiveness. 
Worthy of consideration, however, is the use of as little as 1 pint to 100 
gallons (table 3). ‘The oil deposit on fruit receiving this amount can 
scarcely be detected, and there seems to be no objectionable modifica- 
tion of the quality of red color such as frequently occurs with higher 
oil concentrations. 

Because of the desirability of delaying harvest-spray applications 
until the beginning of the harvest drop, there are probably few in- 
stances in which harvest-spray chemicals could advantageously be 
added to the late cover sprays. Kadow and Hopperstead (6) pointed 
out, however, that under Delaware conditions fruit growers may some- 
times be required to apply a regular spray on midseason varieties so 
late that the harvest spray could well be combined with it. These. 
investigators found that a-naphthaleneacetic acid was as effective when 
applied with nicotine sulfate, Genicide, phenothiazine, or derris as 
when applied alone. However, in five different tests with the Deli- 
cious and Williams varieties, spray solutions containing lime were 
markedly reduced in effectiveness as compared with harvest sprays 
containing no lime. Overholser, Overley, and Allmendinger (19) 
also have reported reduced effectiveness with sprays containing lime. 
Available evidence indicates that growth-regulating chemicals enter 


uf 


iy 
ia 


the plant cell as nondissociated molecules. The increased dissociation 
of the «-naphthaleneacetic acid in a more alkaline solution resultin 


ee: 


| effectiveness reported (26,79). It is well known that harvest sprays 
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from the addition of lime may possibly be responsible for the reduce 


are highly effective in many instances when applied to trees carrying 


- a heavy deposit of spray residue containing lime. In such cases, how- 


ever, this previously applied lime had probably been converted to the 
carbonate form and would be relatively inert in its effect on subsequent 
applications of harvest sprays. 


VARIETAL RESPONSE 


The duration of effect as well as the degree of effectiveness of harvest 


? sprays varies considerably with the variety. While no inflexible clas- 


sification of varieties with respect to response is possible, yet it is 
apparent from both experimental and commercial results that the 


- most outstanding results have been obtained with summer varieties, 


particularly Williams, Early McIntosh, and Oldenburg (Duchess). 
Harvest sprays, when properly timed and thoroughly applied, have 
been generally effective with Delicious, McIntosh, Stayman Winesap, 
Winesap, and Rome Beauty. It should be pointed out, however, that 
with these varieties great variation in results of spraying has been 


- obtained, and in a number of instances failure to obtain control of 


drop has been reported. Results with late-fall varieties, such as Bald- 
win and York Imperial, have been generally unsatisfactory, although 
under certain conditions satisfactory results have been obtained (7, 
14). The usual better response of summer varieties is probably due in 
part to the more active growth status of the tree at the time the fruit 
is maturing. Also the higher temperatures (p. 11) prevailing at the 
time of and after the spray application may play a contributing part. 

Harvest sprays seem te be less effective under conditions when or 
on varieties in which the drop is spread over a rather extended period. 
In such instances it becomes more difficult to time properly the spray 
application. The harvest drop of York Imperial and McIntosh in 
southerly regions is characteristically of this type. 


TREE VIGOR 


Hoffman (7/7) and Southwick (20) have shown that vigorous Mc- 
Intosh trees with a relatively high nitrogen content tend to have a 
heavier preharvest drop than trees growing at a lower nitrogen level. 
These investigators point out that such practices as heavy nitrogen 
fertilization, heavy mulching, and late cultivation may tend to increase 
the preharvest drop of this variety. Whether or not this relation 
between nitrogen level and harvest drop holds with other varieties 


is not known. 


There seems to be no definite evidence available indicating the rela- 
tion between tree vigor or nitrogen level and effectiveness of harvest 
sprays. It is known, however, that good success with these sprays 
is dependent on a normal, actively functioning foliage system. If 


_ sprays are applied late in the season on late-fall varieties after the 


foliage has begun to turn, little effect may be obtained. Failure in 
such cases may possibly be due to both the cool temperature and the 


foliage condition generally prevailing at the later dates. 
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Sor. MolsTureE 


Under conditions of soil-moisture shortage, fruit drop is usually 
a serious problem. Limited experimental evidence and general ob- 
servations indicate that harvest sprays are only moderately effective 
where such conditions prevail. 


RELATION OF HARVEST SPRAYS TO FRUIT MATURITY 


From 3 years of testing of a number of varieties of sprayed apples 
in storage Haller (9) concluded that apples given harvest sprays 
with o-naphthaleneacetic acid did not show any direct effect of the 
sprays on the firmness of the fruit, decay, or break-down, in 
comparison with unsprayed apples picked at the same time. It should 


be emphasized that with the effective use of harvest sprays a certain 


amount of fruit that otherwise would drop remains on the tree. 
Naturally these fruits are among the most mature, and if they are not 
harvested within a reasonable period their keeping quality may be 
seriously impaired. With summer varieties of apples the fruit is 
likely to become overmature if allowed to remain on the tree even a 
few days beyond the normal harvest period. Harvest sprays so com- 
pletely control dropping with many summer varieties that the early 
maturing fruits remain on the tree more or less indefinitely. If 
these fruits are not harvested within a day or two after they would 
have normally dropped if not sprayed, overmaturity may develop, 
particularly under high-temperature conditions. Under certain con- 
ditions and with some varieties, particularly Delicious and Stayman 
Winesap, water core is likely to develop, with subsequent break- 
down in storage, if the fruit is allowed to remain on the tree very 
long after the normal harvest period for the variety. On the other 
hand, general quality and storage life of the McIntosh variety under 
some conditions may be improved by allowing the fruit to remain on 
the tree for several days to a week longer than would be possible with- 
out the effective use of harvest sprays. However, if harvest is de- 
layed too long, with most varieties losses from overmaturity may 
offset any advantage obtained in added color and drop prevention. 
With many varieties it is likely that the harvest sprays will prove to 
have their greatest value in protecting the fruit grower from losses 
from dropping before and during the normal picking operation 
rather than in appreciably postponing the desirable harvest period. 


APPLICATION OF HARVEST-SPRAY SUBSTANCES BY 
DUSTING 7 


In 1941 and 1942 Hoffman, Edgerton, and Van Doren (14, 15) ob- 
tained equally satisfactory results on Williams and McIntosh apples 


with a-naphthaleneacetic acid applied in a tale dust as with this 


material applied in spray form. Equivalent amounts of e-naphtha- 
leneactic acid (equivalent to 10 p. p. m. concentration) per bushel of 
fruit were used in the two methods of treatment. According to the 
results of Southwick (27) with Oldenburg (Duchess) and Wealthy 
apples, dusting was not as effective as spraying, while with McIntosh 
the results from dusting were variable. 

Whether or not dusting as a means of applying harvest-spray sub- 
stances will prove to be generally as effective as spray with all vari- 
eties and under varied conditions remains to be determined. The 
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| chief advantage of dusting would seem to be the rapidity and uni- 


| formity with which applications could be made. 


EFFECTIVENESS OF HARVEST SPRAYS ON PEARS 


Results with harvest sprays on pears, particularly the Bartlett and 
Bosc varieties, have been generally satisfactory. The use of harvest 
sprays on the Bartlett variety by Davey and Hesse (3) in California 
resulted in about a 50-percent reduction in fruit drop. These workers 
point out that commercial results with these sprays have been so gen- 
erally satisfactory that the use of them on Bartlett pears in California 
_ has become an accepted practice. Successful results with the Bartlett 
variety have also been obtained in Washington and Oregon. In har- 
vest-spray experiments reported by Gerhardt* fruit drop of this 
variety was reduced from 27 to 7 percent. 

In general, the time of application, spray concentration, and dura- 
tion of effect are essentially the same for pears as for most varieties of 

apples. 

: ie been occasional reports of harvest sprays advancing the 
maturity of pear fruits, but this has not been shown experimentally. 
As was pointed out in the case of apples, the effective use of these 
_ sprays will result in overmaturity of the fruit if it 1s not harvested 
at the proper time. This overmaturity of the fruit is not a direct - 
effect of the spray, but a result of fruit that would otherwise have 
fallen staying on the tree. 


EFFECTIVENESS OF HARVEST SPRAYS ON APRICOTS 
AND PEACHES 


Results with harvest sprays on stone fruits have been variable. 
Hesse and Davey (/0) obtained a significant reduction in drop of 
Stewart apricots. The effective period of the spray ranged from 3 
weeks in 1940, when applied at a concentration of 10 p. p. m., to as little 
as 1 week in 1941, when two half-strength applications (5 p. p. m.) 
were made. In these experiments an interval of 7 to 10 days intervened 
between the spray application and any noticeable response, a period 
considerably longer than the 1 to 3 days usual in the case of apples. 

Limited tests with harvest sprays on peaches have proved generally 
unsuccessful. Hesse and Davey (10), by using these sprays, obtained 
a slight reduction in the subsequent drop of Elberta peaches. These 
investigators conclude, however, that in no case did the sprays give 
differences great enough to suggest possible commercial use. Experi- 
ments with this variety at Beltsville failed to give beneficial results 
when the sprays were applied a few days prior to the harvest period. 
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